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INTRODUCTION 
Endodontically treated teeth are affected by a higher risk of 
biomechanical failure than vital teeth. Most dental fractures are the result 
of the loss of tooth structure due to carious lesions and or cavity 
preparation. In particular, access preparation for endodontic treatment 
causes the loss of the roof of the pulp chamber. This may account for the 
relatively high fracture incidence documented in maxillary premolars. 
Coronal reconstruction and root anchorage using root fiber posts 
associated with bonding agents allows for the preservation of maximum 
amount of tooth structure. Post retained crowns may present both biologic 
and mechanical failures, commonly due to loss of retention. Long-term 
follow-up studies on the post-and-core technique reported highly variable 
survival rates, demonstrating that root fractures do occur in clinical 
practice. In order to avoid unrestorable root fractures, posts with 
biomechanical characteristics similar to those of dentin have been 
advocated. 
The interfaces of materials with different moduli of elasticity 
represent the weak point of a restorative system, as the 
toughness/stiffness mismatch influences the stress distribution (Assif et 
al,1994)10. Thus, the strength of endodontically  treated teeth is affected 
by the material as well as the design of the post and core. Many in-vitro 
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studies have investigated various factors that effect retention of a post. 
These factors include length, design, diameter and surface treatment of 
the posts. In addition, roughening the prepared dentinal surface increases 
the retention of posts by increasing the surface area and enhancing the 
mechanical interlocking between the dentin surface and the cement. For 
this purpose glass fiber post have been introduced, which through 
conditioning process have enhanced roughness and increased surface area 
available for adhesion by creating micro-retentive spaces without 
affecting the post inner structure. 
An increased factor of cavity design is an inherent factor that can 
impair the bond to root dentin. Since the higher cavity design increases 
the polymerization contraction stress of the resinous materials. Selecting 
the appropriate adhesive and luting procedure for bonding endodontic 
posts to root canal dentin is a challenge. Adhesive interfaces of bonded 
restorations transmit and distribute occlusal forces to the remaining tooth 
structures homogeneously, potentially strengthening the restored tooth 
and increasing its resistance to fracture. On the other hand, the interfaces 
of materials with different moduli of elasticity represent the weak point of 
a restorative system, as the toughness/stiffness mismatch influences the 
stress distribution. The C-factor, defined as the ratio of bonded to 
unbonded surface areas of cavities, is highly unfavorable in root canals 
(Goracci C et al ,2004)45. A rigid bond between composite materials and 
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remaining tooth structures could cause stress concentration at the 
adhesive interfaces. In order to reduce the risk of debonding due to 
polymerization shrinkage, low viscosity flowable composites with low 
elastic modulus can be placed between the bonding agent and the 
composite restoration. Such an intermediate resin layer acts as a stress 
adsorber, releasing contraction stresses and improving marginal integrity 
of the restoration.  
Since the bonding of root canal posts with resin cements is highly 
unpredictable due to its “C” factor, conventional GIC’s or RMGIC’s may 
be an alternative for the luting of fiber posts. These cements bond to 
dentin by chemical and micromechanical mechanisms, and despite the 
polymerization shrinkage they present, their more favorable viscoelastic 
properties compared to those of resin cements, allows a better 
maintenance of the bonding. Moreover, the hygroscopic expansion 
occurring after maturation of GIC and RMGIC partially compensates for 
shrinkage, thus reducing the stress and providing a closer adaptation 
between cement and dentin at completion of maturation (Van Dijken JW 
et al 2005 84,Goracci c et al 2006 46 ). 
The push out and pull out tests have been traditionally used to 
assess the retention of endodontic post in the root canal. These tests are a 
clear improvement over simple SEM observational studies of adhesive 
failure in root canals. Tensile and shear methods seem equally good for 
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laboratory testing of the adhesive quality of the candidate systems 
(Mitchell et al 1994)65. Although the bond strength values may differ 
little, there are several contrast between these two methods such as the 
direction of force and the resulting stress distribution pattern at the 
interface. The adaptation of the microtensile technique to testing the bond 
strength of endodontic posts, however is difficult due to the small size of 
the post and the cylindro-conical shape of the adhesive interface. The 
push out test using sections of  1 to 2mm height, may offer a compromise 
between the test featuring smaller adhesive areas compared to extraction 
of complete post. 
So the present study evaluated the pull out strength of glass fiber 
posts luted with  four different resin cements ( Relyx u100 , Relyx ARC , 
Relyx luting 2 GIC and Calibra ) using  a Universal testing machine. 
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AIMS AND OBJECTIVES 
The Aim of this study is to evaluate the pull out strength of glass 
fiber post luted with different luting resin cements , 
( Relyx U100 )  (3M ESPE),   
( Relyx luting 2GIC cement)  (3M ESPE),  
( Relyx ARC )  (3M ESPE), and 
Calibra  (Dentsply).  
The failure modes were evaluated using light microscopy ( Leica ). 
 
The failure modes evaluated are; 
1) Post - Cement Interface failure 
2) Cement - Dentin Interface failure. 
 
 
 
  
 
 
 
 
 
 
 
 

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1. Daniel B. Mendoza et al (1994)24 evaluated the retention of 
preformed posts with four different cements; C & B Metabond, 
Panavia ,All-Bond 2,and Ketac-Cem. Sixty intact maxillary canines 
were selected for the study.The clinical crowns were removed and 
endodontic therapy done on each root, which were then prepared to 
receive prefabricated posts. The 60 samples were divided into four 
groups of  15 and the post in each group was cemented with one of the 
four cements .The roots were mounted in acrylic resin blocks and the 
posts were separated from the canals with an universal testing 
machine,  No difference in retention was recorded between ketac-cem 
and panavia cements and hence concluded that All-bond 2 cement was 
the least retentive of all cements tested. 
 
2. R M Love et al (1998)53  compared the retention of serrated root 
canal posts cemented with glass ionomer,  resin-modified glass 
ionomer (hybrid) cements. Fifty single-rooted human teeth were 
decoronated, treated endodontically and then embedded in resin 
blocks. Standard post holes, 10 mm long, were prepared to receive 1.5 
mm serrated stainless steel posts. Five equal sized groups of roots had 
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posts cemented using either a glass ionomer cement, one of two resin 
cements or one of two resin-modified glass ionomer luting cements. 
The tensile force required to dislodge the cemented posts in a testing 
machine was recorded. There was no significant difference in 
retention between the hybrid cements and it was concluded that the 
performance of the resin-modified glass ionomer cements was 
significantly below that of alternative cements. 
 
3. M. Ferrari et al (2000)43  reported a ‘one-bottle’ adhesive system for 
bonding a fibre post into a root canal and a SEM evaluation of the 
post-resin interface. The fibre post was placed into the root canal of a 
fractured root under clinical conditions and then extracted 1 week 
later. Using scanning electron microscopy, half of the root was 
evaluated for hybrid layer formation and the other half for assessing 
resin tags and found that the ‘one-bottle’ system tested in the study 
was able to create a mechanical interlocking with root etched dentine 
under clinical conditions  . 
 
4. Begum Akkayan et al (2002)13 compared the effect of 1 titanium and 
3 esthetic post systems on the fracture resistance and fracture patterns 
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of crowned, endodontically treated teeth. A total of 40 recently 
extracted human maxillary canines with their crowns removed were 
endodontically treated. Four groups of 10 specimens were formed. 
Teeth were restored with titanium, quartz fiber, glass fiber and 
zirconia posts and numbered as group 1, 2, 3, and 4, respectively. All 
posts were cemented with Single Bond dental adhesive system and 
dual-polymerizing Relyx ARC adhesive resin cement. A compressive 
load was applied at a 130-degree angle to the long axis of the tooth 
until fracture, at a crosshead speed of 1 mm/min and found that teeth 
restored with quartz fiber posts exhibited significantly higher 
resistance to fracture  than the other three groups. They concluded that 
significantly higher failure loads were recorded for root canal treated 
teeth restored with quartz fiber posts. 
 
5.  Juthatip Aksornmuang et al (2004)51 evaluated the microtensile 
bond strength of a dual cure resin core material to different regions of 
fibre posts using different surface treatments. Twenty-five silica 
zirconium glass fibre posts (Snowpost) and 25 quartz fibre posts 
(Aestheti-Plus) were used and randomly  divided  into  five  groups 
according to the surface treatments: (1) no surface treatment (Control) 
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(2) dual-cure bonding agent, Clearfil Liner Bond 2V (LB) (3) LB 
followed by light curing for 20 s (LB and C) (4) silane coupling 
bonding agent, Clearfil Photobond with Porcelain Bond Activator (PB 
+ PBA) (5) PB + PBA followed by light curing for 20 s (PB + PBA 
and LC). Treated posts were cemented into artificial post cavities 
using a dual-cure composite core material (Clearfil DC Core) and 
cured for 60 s from the top of the cavity. There were no significant 
differences in bond strength between the three regions. They 
concluded that the bond strength between fibre post and dual-cure 
resin core material depends upon the type of post and surface 
treatment. 
 
6. Luca Giachetti et al (2004)54 evalulated the performance of both 
light-curing and dual-cured adhesive systems when used in 
combination with translucent fibre posts  by means of pull-out test and 
scanning electron microscopy  observation. Forty root canal treated 
teeth were randomly divided into two groups of 20 specimens each. 
Group 1 light-curing system and Group 2 dual cured system. 
Translucent double taper fibre posts were used and they found that the  
dual curing system seems to be the most appropriate method since it 
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allows to cure even those areas which would not be otherwise reached 
by light. 
 
7. Cecilia Goracci et al (2005)20 measured the adhesion between two 
types of translucent prefabricated FRC posts (FRC Postec, Ivoclar-
Vivadent, FRC; Light-Post, RTD, LP), and two types of flowable 
composites used as core materials (UnifilFlow, GC, UF; Tetric Flow, 
Ivoclar-Vivadent, TF), with or without the application of a silane 
(Monobond-S, Ivoclar-Vivadent, S) on the post surface. Thirty-five 
beam- shaped specimens per group were obtained from cylinders of 
core material, which had been built up around the post by 
progressively adding small increments of composite resin.  Each 
specimen was loaded in tension until failure at either one of the two 
post–core interfaces present in each stick. Results showed that post-
silanization had a significant effect on adhesion. They concluded that 
application of a silane onto the post surface prior to building up the 
core significantly increased the post core bond strength. 
 
8. Cecilia Goracci et al (2005)19 tested the null hypothesis that the use 
of dentin adhesives produced no improvement on the fixation of fiber 
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posts with resin cements in endodontically treated teeth. Post spaces 
were prepared in 36 single-rooted root-filled teeth. Silanized glass 
fiber posts were cemented to the post spaces using a self-etch (ED 
primer/Panavia 21) and a total etch resin cement (Excite 
DSC/Variolink II), with or without the accompanying dentin 
adhesives.   For both resin cements, the fixation strengths obtained 
from specimens luted with resin cement  did not differ significantly 
from those in which the intraradicular dentin was first bonded with a 
dentin adhesive. In the presence of incomplete smear layer removal 
and interfacial gaps, the dislocation resistance of bonded fiber posts 
was contributed largely by sliding friction. 
 
9. Chiara Pirani et al (2005)21 tested the hypothesis that hybridization 
of intraradicular dentin eliminates interfacial gaps, thereby improving 
the coronal seal and retention of teeth restored with fiber posts. Post 
spaces were bonded with two types of fiber posts, using the 
corresponding etch-and-rinse adhesives and dual-cured resin cements. 
Longitudinal sections of the interfaces were examined for dentin 
hybridization in the coronal and middle-thirds of the root canals. 
Resin replicas of these sections were evaluated for interfacial gap 
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formation and found that, although intraradicular dentin hybridization 
was not compromised irrespective of whether the adhesives were 
light-cured before cementation, the universal occurrence of interfacial 
gaps along the hybrid layer surface or the post-cement interface 
reflects the challenge in bonding to post spaces with low compliance 
and  high C factors. They concluded that clinical success associated 
with bonded fiber posts is probably due to predominantly  frictional 
retention. 
 
 
10. Claudia Mazzitelli et al (2005)22 evaluated the effect of surface 
treatments on the microtensile bond strength of fiber posts with 
different resin-based material used as core. The fiber post surface 
morphology and post-core interface were evaluated by SEM. Surface 
treatment done by silanization with and without sandblasting resulted 
in a significantly higher bond strength .The interaction of core 
material and treatment was also significant.The highest bond strength 
was obtained with Tetric flow on silanated posts. Fiber post-core bond 
strength was influenced by the core material and post surface 
treatment. The highest bond strength was recorded with flowable 
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materials on silanated posts with and without preliminary sandblasting 
system.  
 
11. Ali Balbosh et. al. (2006)12 evaluated the effect of surface treatment 
on the retention of glass fiber endodontic posts luted with resin 
cement. Retention (N) of the posts was measured with a universal 
testing machine with a crosshead speed of 2mm/min and found that 
the failure mode was purely adhesive at the resin cement-post 
interface for all non abraded posts. They concluded that surface 
treatement of the post significantly improved the retention. 
 
12. Andre Luis Faria e Silva et al (2007)5 evaluated the degree of 
conversion of one dual cured resin cement when used to lute fiber 
posts with different translucencies. FT-Raman spectroscopy was used 
to obtain the Spectra at three depths: superficial, medium, and deep. 
They concluded that the degree of conversion is dependent on the 
depth where superficial depth presented a higher degree of 
conversion. 
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13. Ying Jie Wang et al (2007)86 evaluated the effect of silanization and 
light irriradiation on bonding between a fiber post and different resin 
based luting agents. The microtensile bond strength and bonded 
interface of specimens in each group were evaluated and found that 
silanzation improved the bond strength. 
 
14. Gerson Bonfante et. al. (2007)47 investigated the tensile bond 
strength and failure mode of glass fiber posts luted with different 
cements. Specimens were assessed by tensile strength testing and light 
microscopy analysis for observation of failure mode.  They concluded 
that resin cements and glass Ionomer cements are able to provide 
clinically sufficient retention of glass fiber posts . 
 
15. Franklin R. Tay et al (2007)38 In their review attempted to provide a 
broader meaning to the term “monoblock” and to see how this 
definition may be applied to the materials that have been used in the 
past and present for rehabilitation of the root canal space. The 
potential of currently available bondable materials to achieve 
mechanically homogeneous units with root dentin is then discussed in 
relation to the classical concept in which the term “monoblock” was 
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first employed in restorative dentistry, and subsequently in 
endodontics. 
 
16. Luciana Mendonça da SILVA et al (2008)56 evaluated the tensile 
bond strength of glass fiber posts (Reforpost – Angelus-Brazil) 
cemented to root dentin with a resin cement (RelyX ARC – 
3M/ESPE) associated with two different adhesive systems (Adper 
Single Bond - 3M/ ESPE and Adper Scotchbond Multi Purpose (MP) 
Plus – 3M/ESPE), using the pull-out test in a universal testing 
machine (EMIC) at a crosshead speed of 0.5 mm/min and concluded 
that the type of adhesive system employed on the fiber post 
cementation did not influence the pull-out bond strength. 
 
17. Vivian J.-J. Wang et al (2008)85 investigated regional root canal 
push-out bond strengths for two fiber-reinforced post types using two 
adhesive system. Crowns of 24 recently extracted sound maxillary 
central incisors were sectioned transversely 2mm coronal to the labial 
cemento-enamel junction.  The roots were treated endodontically. 
Fiber-reinforced posts (C-POST; AESTHETI-PLUS) were placed 
using two adhesive systems (acid-etch ONESTEP PLUS/C&B 
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CEMENT; self-adhesive RelyX Unicem), in four equal groups. Push-
out bond strength tests were performed at four sites in each root and 
found that bond strengths decreased significantly from coronal to 
apical root canal regions. The quartz fiber-reinforced post placed 
using the separate acid-etch adhesive system provided significantly 
better post retention than the carbon fiber-reinforced post placed using 
the self-etch self-adhesive system. 
 
18. Didier Dietschi et al (2008)30 in their review analysed the various 
interfaces of restored,non vital teeth and their behaviour in fatigue and 
in clinical studies. They stated that non vital teeth restored with 
composite resin or composite resin combined with fiber posts resisted 
fatigue tests and currently represent the best treatment option. In 
comparison to rigid metal and /or ceramic posts ,when composite 
resin or composite resin /fiber post fail, the occurence of interfacial 
defects or severe tooth breakdown is less likely. This article concludes 
that the  clinical performance of post and core restorations proved 
satisfactory overall, in particular with a contemporary restorative 
approach using composite resin and fibre posts. 
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19. F. Monticelli et al (2008)36 reported resin cement diffusion into 
dentin may differ as a function of the pre-treatment regimen. Since 
self-adhesive cements do not require substrate pre-treatment for 
luting, penetration and interaction with  underlying dentin, the dentin/ 
cement interfacial characteristics were analyzed by a staining 
technique (Masson’s trichrome) and by scanning electron microscopy. 
Conventional acid etching resulted in partially infiltrated adhesive 
interfaces differing from those achieved with the application of self-
etching primer. No hybrid layer and/or resin tag formation was 
detectable at the interfaces bonded with self-adhesive cements. 
Limited decalcification/infiltration was observed for self-adhesive 
cements into the underlying dentin. They concluded that Self-adhesive 
cements were not able to demineralize / dissolve the smear layer 
completely. 
 
20. Karin Kremeier et al (2008)52 determined the influence of post type 
and luting material on bond strength to dentin. Bond strength was 
determined by pushing out the post using a universal testing machine. 
The results showed that bond strength increased from the coronal to 
the apical section and selection of post type may be more important 
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for bond strength than luting material. This study found that the bond 
strength of fiber posts was equivalent but not superior to adhesively or 
conventionally luted gold posts. 
 
21. Cleonice Silveira Teixeira et al (2009)23 evaluated the bond strength 
of translucent fiber posts to experimentally weakened radicular dentin 
restored with composite resin and polymerized with different light-
exposure time. Push-out test was performed, and failure modes were 
observed. Adhesive failures occurred more frequently than other types 
of failures. Cohesive failures occurred only in the weakened/ restored 
roots and hence concluded that intra canal root restoration with 
composite resin and translucent fiber posts provided similar or higher 
bond strength to dentin, regardless of the light-exposure time used for 
polymerization . 
 
22. M. Amaral et.al. (2009)59 evaluated the effect of different strategies 
for post cementation on the pull out bond strength of a double-tapered 
glassfiber post cemented into a root canal . The tested specimens were 
analyzed under the microscope and Scanning Electron Microscopy for 
fracture analysis. The results showed that  the use of a three-step each 
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and rinse adhesive system appeared to be more effective and 
application of other adhesive system (single-bottle each and rinse and 
self-each adhesive systems) did not present high pull out strength 
values.  
 
 
23. Luca Giachettic et. al (2009)55 compared by means of the push out 
test, the interfacial strength of two dual resin cements  and one light 
cuing cement used in translucent fiber post cementation. Push out test 
was done using universal testing machine at a cross head speed of 
0.5mm/min. With light curing  technique, bond strength values were 
lower at the apical region than those of coronal and middle regions. At 
coronal/middle regions bond strength values of the self adhesive dual 
curing technique were lower than these results when using the other 
two techniques. At the apical region, there was no significant different 
in bond strength between the luting techniques tested. Thus the 
interfacial strength between light curing cement and root canal is 
equivalent to the interfacial strength between dual curing cement and 
root canal 
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24. M. Toman et al (2009)78 compared the displacement resistance of 
glass fibre reinforced composite posts to root dentine after luting with 
different adhesive systems. Specimens were sectioned to obtain slices 
with the post in the centre and with root dentin. The displacement 
resistance was measured using a Universal Testing Machine at a 
crosshead speed of 0.5 mm/min. Results showed that FRC posts luted 
with self-adhesive luting system exhibited higher displacement 
resistance than when luted with chemical-curing self-etch luting 
system. 
 
25. Andre Luis Faria e Silva et al (2009)4 evaluated the effect of fiber 
post relining with composite resin on push-out bond strength. Twenty 
bovine incisors were selected to assess post retention. The crowns 
were removed below the cemento enamel junction and the root canals 
were treated endodontically and flared with diamond burs. The push-
out test was performed at a crosshead speed of 0.5mm/min until post 
dislodgement occurred. The failure mode of fractured specimens were 
analayzed under scanning electron microscopy. The study concluded 
that relining with composite resin seems to be an effective method to 
improve the retention of fiber posts to flared root canals. 
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26. Deepthi Mandava et al (2009)29 evaluated the effect of single and 
multiple consecutive applications of adhesives on the tensile bond 
strength of total etch adhesives and self etch adhesives. Sixty 
composite dentin bonded specimens were prepared using a total etch 
adhesive ( gluma ) and another sixty using a self etch adhesive 
(adheSE ). The tensile bond strength was tested using universal testing 
machine. The results indicated that with total etch adhesive the bond 
strength increases significantly as the number of applications are 
increased. Hence this study concluded that in a clinical setting,  
application of multiple coats of total etch adhesive improves bonding. 
 
27. Alberto Albaladejo et al (2010)3 evaluated the effectiveness in the 
formation of resin tags, adhesive lateral branches and hybrid layers of 
five adhesive systems when bonding to dentine. The study found that, 
the two etch-and-rinse self-priming adhesives exhibited thicker hybrid 
layers than those found in self etching adhesive systems. The resin 
tags formed with the etch and rinse adhesives were much longer than 
those found with the self etching adhesives. Lateral branch formation 
was observed in etch and rinse adhesives and in one of the self-etch 
adhesives and hence concluded that the formed hybrid layer obtained 
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with the two-step self etching adhesives and the etch-and-rinse 
systems were continuous and uniform in thickness.  
 
28. Vanessa cruz macedo et al (2010)80 evaluated the effect of the 
relining procedure, the cement type and the luted length of the post on 
fiber posts retention. All cements (Relyx ARC, Relyx unicem or 
Relyx luting 2, 3M ESPE) were subjected to a pull out bond strength 
test in a universal testing machine at a cross head speed of 
0.5mm/min. The force required to dislodge each post was then 
recorded in newtons. The results showed that fiber post retention 
seems to be derived predominantly from frictional retention and the 
luted length of the post is important to improve their retention. This 
study concluded that   relining the fiber posts reduces the thickness of 
the cement layer and also improves frictional retention because the 
reduction of resin thickness may also reduce the polymerization stress.  
 
 
29. Matheus Coêlho Bandéca et al (2010)62 evaluated the bond strength 
of self-adhesive resin cement  and resin cement combined with self-
etching adhesive system light cured with Quartz Tungsten Halogen. 
The root canals were prepared to receive the glass fiber post to a depth 
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of 10 mm. The roots were perpendicularly sectioned .The results 
showed that the both the resin cements showed similar bond strength 
in the root canal on different storage times.  
 
30. Emre MUMCU et al (2010)32 compared the bond strengths of two 
types of fiber-reinforced posts cemented with luting cements based on 
two currently available adhesive approaches as well as evaluated their 
failure modes. Following standardized post space preparation, the 
roots were divided into two fiber post groups and then further into 
three subgroups of 10 specimens each according to the luting cements. 
A push-out test was performed to measure regional bond strengths, 
and the fracture modes were evaluated using a stereomicroscope. The 
study reaveled that the push-out bond strength values of glass fiber 
reinforced posts were higher than those of carbon fiber-reinforced 
posts, irrespective of the adhesive approach used. 
 
31. Zakereyya S et al (2010)88 evaluated the influence of post surface 
conditioning methods and artificial aging on the retention and 
microleakage of adhesively luted glass fiber-reinforced composite 
resin posts. The posts were submitted to 3 different surface treatments  
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including no treatment, etching with phosphoric acid, and airborne-
particle abrasion. The results showed that the retention values of the 
airborne particle abrasion group were significantly higher than those 
of the acidic treatment and no treatment groups. Microscopic 
evaluation demonstrated that the failure mode was primarily mixed 
and concluded that treating the surface of the posts with phosphoric 
acid for 15 seconds before cementation produced no significant 
improvement in post retention. Airborne-particle abrasion of the 
surface of the post significantly improved post retention. 
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METHODS 
Eighty freshly extracted caries free human single rooted 
mandibular premolar teeth were selected, visually assessed for fracture, 
cleaned of calculus and soft tissues and stored in normal saline. The 
collection, storage, sterilization and handling of extracted teeth were 
followed according to Occupational Safety and Health Administration      
( OSHA ) and the Centre for Disease Control and Prevention ( CDC ) 
recommendations and guide lines. 
The specimens were sectioned with a diamond rotary instrument 
(Fig 1A) at the coronal level under water spray to standardize the size of 
specimens at sixteen millimeters. The coronal diameter of the canals were 
measured with a digital caliper and specimens presenting diameter greater 
than the diameter of the post (1.8mm) were discarded and replaced by 
other specimens that met this requirement. The pulp tissue was removed 
and the canals were instrumented with Protaper rotary files ( Fig 1A) upto 
F3. Sodium hypochlorite and normal saline were used to irrigate the 
canals throughout the instrumentation. The roots were dried with paper 
points and obturated with Protaper Gutta percha Cones F3  using a resin 
sealer
 
(AH PLUS)( Fig 1B) . The access cavities and apexes were sealed 
with modeling wax. The samples were stored in distilled water at room 
temperature for 24 hours. 
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The coronal aspect of the Gutta percha was removed with paeso 
reamer size No. 1. Then a 10mm post space was prepared using glass 
fiber post drill (25 size). The specimens were divided into four groups of 
15 specimens each in all the groups 25 size glass fiber post (3M, ESPE) 
were used. 
GROUP I (N = 20) (Fig 2) 
Materials used 
• Relyx Glass fiber Post (3M, ESPE) 
• Relyx Luting 2 cement (3M, ESPE) 
• Fiber Post drill (25 Size, 3M, ESPE) 
 
Luting Protocol 
Post was cleaned with alcohol and dried with air free of water and 
oil. A small quantity of cement, was dispensed on a mixing pad by 
pressing down the clicker lever, so that equal quantity of base 
paste/catalyst paste was taken. An agate spatula was used to mix the two 
pastes into a homogenous mix within 20 seconds. The mixed cement was 
then spread over the post and placed into the prepared root canal under 
gentle finger pressure and light cured for 20 seconds by a QTH  light 
(Dentsply) ( Fig 1A ) with a wavelength of 450 MW/Cm2. Post was 
slightly vibrated during insertion to avoid inclusion of air bubbles. 
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GROUP II ( N = 20 ) ( Fig 3 ) 
Materials used 
• Relyx Glass fiber post (3M, ESPE) 
• Fiber post drill ( 25 Size ,3M, ESPE ) 
• Relyx ARC (3M, ESPE) 
• Adaper single bond plus (3M, ESPE) Bonding agent. 
• Etchant (37 % Phosphoric acid) (3M, ESPE) 
 
Luting Protocol 
In this group the root canal was etched  with 37% phosphoric acid 
for 15 seconds, and then a bonding agent ( Adaper single bond plus) was 
applied to the etched surface. Post was cleaned with alcohol and dried 
with air free of water and oil. A small quantity of cement was dispensed 
on a mixing pad by pressing down the clicker lever, so that equal quantity 
of base paste/catalyst paste was taken. An agate spatula was used to mix 
the two paste into a homogenous mix within 20 seconds. The mixed 
cement was then spread over the post and placed on the prepared root 
canal under gentle finger pressure and light cured for 20 seconds by a 
QTH  light ( Dentsply)(Fig 1A) with a wavelength of 450 MW/Cm2. Post 
was slightly vibrated during insertion to avoid inclusion of air bubbles. 
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GROUP III ( N=20 )( Fig 4 ) 
 
Materials used 
• Relyx Glass fiber post (25 size, 3M ESPE) 
• Relyx U100 (3M ESPE) 
• Fiber Post drill (25 Size 3M, ESPE) 
Luting Protocol 
Post was cleaned with alcohol and dried with air free of water and 
oil. A small quantity of cement, was dispensed on a mixing pad by 
pressing down the clicker lever, so that equal quantity of base 
paste/catalyst paste was taken. An agate spatula was used to mix the two 
pastes into a homogenous mix with 20 seconds. The mixed cement was 
then spread over the post and placed into the prepared root canal under 
gentle finger pressure and was light cured for 20 seconds by a QTH light 
(Dentsply)(Fig 1A) with a wavelength of 450 MW/Cm2. Post was slightly 
vibrated during insertion to avoid inclusion of air bubbles. 
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GROUP IV ( N=20 )( Fig 5 )  
 
Materials used 
• Fiber Post drill (3M, ESPE) 
• Relyx glass fiber post (3M, ESPE) 
• Calibra (Dentsply) 
• Etchant (3M, ESPE) 
• Prime/Bond NT (Dentsply), Self cure activator (Dentsply) 
Luting Protocol 
In this group the root canal was etched with 37% phosphoric acid 
for 15 seconds, and then dispense Prime/Bond NT followed by Self cure 
activator at a ratio of 1:1 into a dappen dish and mixed for 1-2 seconds 
and then  applied to the etched surface. Post was cleaned with alcohol and 
dried with air free of water and oil. A small quantity of cement was 
dispensed on a mixing pad by pressing down the clicker lever, so that 
equal quantity of base paste/catalyst paste was taken. An agate spatula 
was used to mix the two pastes into a homogenous mix within 20 
seconds. The mixed cement was then spread over the post and placed into 
the prepared root canal under gentle finger pressure and light cured for 20 
seconds by a QTH  light ( Dentsply)(Fig 1A) with a wavelength of 450 
MW/Cm2. Post was slightly vibrated during insertion to avoid inclusion 
of air bubbles. 
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Sl 
No 
 Materials Composition 
Bonding Agents 
(Composition) 
1 Group I Relyx Luting2 
GIC (3M ESPE) 
Paste A  
Radiopaque fluoroaluminosilicate 
glass 
opacifying agent, HEMA 
water 
Paste B 
Non-Reactive zirconia/Silica filler 
Methacrylated poly carboxylic 
acid, HEMA 
BISGMA, 
Water 
Potassium per sulfate. 
 
2 Group II Relyx ARC (3M 
ESPE) 
Bisphenol A Diglycidylether 
dimethacrylate (BISGMA) 
Triethylene glycol dimethacrylate 
(TEGDMA) polymer. 
Zirconia/Silica, Filler 
Adaper Single bond plus 
(3M ESPE) 
BisGMA, HEMA, 
dimethacrylates, 
ethanol, water, 
3 Group III Relyx U100 (3M 
ESPE) 
Bi-functional methacrylate 
Inorganic filler. 
 
4 Group IV Calibra 
(Dentsply) 
Base 
Dimethacrylate resin 
Camphorquinone, Photoinitiator, 
Glass fillers, Fumed silica, 
Titanium dioxide pigments. 
Catalyst 
Dimethacrylate resins 
Stabilizers 
Glass fillers 
Fumed silica. 
Prime & Bond® NT™: 
Di- and Trimethacrylate 
resins 
PENTA (dipentaerythritol 
penta acrylate 
monophosphate) 
Nanofillers-Amorphous 
Silicon Dioxide 
Photoinitiators 
Stabilizers 
Cetylamine hydrofluoride 
Acetone 
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TESTING PROTOCOL 
Retentive grooves were made on buccal/lingual root surface, 
thereby promoting retention during the pull out test. Each root was 
embedded into a chemically cured acrylic resin of 4 x 4 mm in size. 
Universal Testing Machine was used to evaluate the pull out bond 
strength of the glass fiber post luted with diffierent resin cements . The 
load capacity peaking at a maximum of 500 Newton and cross head speed 
of 1mm/min. The temperature was maintained at 220C and a humidity 
level of 68.00. The test was carried out after ensuring that the cross head 
is stationary and test parameters was set. The results were calculated in 
Newton value and was tabulated to form a print copy. 
The Instron 3365, Machine (Fig 8) used for the invitro study 
comprised of  dual columns, two Jigs (upper and lower) the dimension of 
which is 4mm horizontally. The lower Jig being stationary and the upper 
Jig being moved pneumatically when a load is applied. The load was 
applied by means of a computer controlled software.  
Each specimen was fixed on the inferior part of universal testing 
machine. An adapted mandrel was fixed to the upper part of the testing 
machine to directly grabbed the coronal part of the fiber post. The pull 
out test was performed with a cross head speed of 1mm/minute. The force 
(N) required to dislodge each post from the prepared post space was 
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recorded in Newtons. The dislodged posts were also examined using light 
microscopy (Leica) (Fig 11) at  20X (Fig 12) magnification to evaluate 
the mode of failure.  
The failure modes evaluated were; 
 
1. Post-Cement interface failure 
2. Cement-Dentin interface failure 
 
Results were statistically analyzed. 
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Failure modes evaluated using light microscopy 
(Leica QBC L006) 
 
80 Samples 
 
Teeth Decoronated at CEJ to standaradize 16mm length  
using diamond rotary cutting disc. 
 
Horizontal and vertical retentive grooves were  
made at the root surface. 
 
Canals instrumented with protaper rotary files upto  
F3 and obturated using protaper G.P cones with  
a resin sealer AH plus. 
 
 
10mm of coronal G.P removed with paeso reamer size  
No:1 post space preparation done using fiber post drill  
Size No: 25. 
 
 
Group I    Group II   Group III   Group IV 
- Relyx Luting2 cement - Relyx ARC   - Relyx U100   - Calibra (Dentsply) 
- Fiber post drill  - Relyx glass fiber post - Glass Fiber Post  - Relyx glass fiber post 
- Relyx Glass fiber post - Fiber post drill  - Fiber post drill  - Fiber post drill 
    - 3M adaper single bond     - Prime/dent bond 
       Plus 
 
Samples light cured for 20 seconds using QTH. 
 
Pull out bond strength of samples examined using  
universal testing machine, (Instron 3365, UK) 
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Table - 1 
PULL OUT STRENGTH VALUES (N) 
SPECIMENS GROUP I GROUP II GROUP III GROUP IV 
1 157.27 332.85 240.64 322.83 
2 163.23 334.77 253.71 332.78 
3 151.42 332.47 242.90 327.26 
4 160.84 329.66 250.87 334.56 
5 155.45 338.78 245.65 330.42 
6 158.92 340.24 242.47 329.92 
7 162.56 327.45 248.28 332.72 
8 159.44 331.38 247.57 330.68 
9 154.68 333.45 253.64 329.11 
10 158.12 339.52 254.92 328.62 
11 158.19 334.06 248.07 327.38 
12 163.23 338.52 250.68 332.75 
13 155.45 332.26 245.85 327.56 
14 159.44 336.78 246.93 326.90 
15 157.27 331.89 249.92 329.78 
16 158.92 337.56 244.65 331.81 
17 151.29 335.75 249.56 325.39 
18 153.35 331.02 244.29 328.36 
19 155.76 338.41 247.31 334.08 
20 154.48 336.28 248.01 328.80 
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Table - 2 
Analysis of variance (One Way ANOVA) comparing pullout strength (N) of 
glass fiber post in different resin cements 
Group  
Mean         
(N) 
+ SD F value P value 
Group I 157.47a 3.53 
1379.342 < 0.001 
Group II 334.66c 3.57 
Group III 247.80b 3.84 
Group IV 329.59c 2.99 
a, b, c - Means with same superscript do not differ each other (Duncan's 
Multiple Range Test) 
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Fig.13. Pullout strength (N) of glass fiber post in different resin cements 
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Statistical Analysis 
Data were analyzed using computer software, Statistical Package for 
Social Sciences (SPSS) version 10. Data are expressed in its mean and 
standard deviation. Analysis of variance (One Way ANOVA) was performed 
as parametric test to compare different groups. Duncan’s Multiple Range 
(DMR) Test was also executed as post hoc analysis to facilitate multiple 
comparisons between groups.  For all statistical evaluations, a two-tailed 
probability of value, < 0.05 was considered significant. 
Pull out strength of glass fiber posts using different resin cements were 
analyzed using Universal testing machine and the results are given in table 1 
and figure 1. Among different resins tested, group I showed least pull out 
strength of 157.47 N. and the maximum pull out strength was registered by 
group II (334.66 N). Analysis of variance (One Way ANOVA) comparing 
different groups showed a highly significant statistical difference between 
different groups. Group II and Group IV did not show any statistical difference 
in their pull out strength (DMR Test) (Fig. 13). But all other groups showed 
significant difference between them. 
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DISCUSSION 
A successful endodontic treatment has to be complemented with an 
adequate post endodontic restoration to make the pulpless teeth to function 
indefinitely as an integral part of the masticatory apparatus. Posts are 
necessary to build up and retain coronal restorations. There are many post 
and core systems available based on metal alloys. Though the metal posts 
are rigid and strong it can produce gray discoloration beneath translucent 
metal free ceramic crowns,limiting the esthetic potential especially when 
non precious alloys were used (Caputo AA et al  , Standlee JP et al , 1976)18. 
The other disadvantages include potential for root fracture and chances of 
corrosion. 
Recently esthetic or tooth coloured posts such as carbon fiber posts, 
Zirconia posts, Glass fiber posts and woven polyethylene fiber posts are 
being  increasingly used for the  restoration of endodontically treated teeth 
with severe coronal destruction. Depending on the clinical situation, 
clinician can now make their own choice for better esthetic results and 
prognosis. 
The resin fiber posts have biomechanical characteristics which are 
more similar to the natural dentinal structure than any other posts used 
previously (Mannocci et al , 1998). It has excellent transverse strength and 
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acts as a shock absorber, dissipating much of the stress placed on the 
finished restoration, transmitting only a small fraction of these forces to the 
dentinal walls. The use of a light transmitting glass fiber post has been 
claimed to improve polymerization through the depth of post spaces 
(Asmussen et al , 1999 )11. Transluscent fiber posts allows light to be 
transmitted into the root canal. This could increase the degree of conversion 
of the dual cured composite resins with a consequent improvement of their 
mechanical properties such as modulus of elasticity and hardness (Luca 
Giachetti et al, 2009)55. Hence in this study glass fiber posts were chosen for 
the pull out strength test. 
The interfaces of materials with different moduli of elasticity 
represent the weak point of a restorative system, as the toughness/stiffness 
mismatch, influences the stress distribution ( Assif D et al ,Gorfile et al, 
1994)10  .Thus, the strength of endodontically  treated teeth is affected by the 
material as well as the design of the post and core. The choice of appropriate 
restorations should be guided by both physical properties and esthetics. 
Adhesive interfaces of bonded restorations transmit and distribute 
occlusal forces to the remaining tooth structures homogeneously, potentially 
strengthening  the  restored  tooth  and  increasing  its  resistance  to  fracture  
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( Hernandez et al ,1994 )48 . The C-factor, defined as the ratio of bonded to 
unbonded surface areas of cavities, is highly unfavorable in root canals, 
where it can range from 20 to 200 ( Morris et al , 2001)64. In order to reduce 
the risk of debonding due to polymerization shrinkage, low viscosity 
flowable composites with low elastic modulus can be used as the luting 
agent (Van Meerbeek et al ,1992)81, so that it can act as a stress absorber 
(Alhadaing et al, Abdulla AL et al, 1996)9, releasing contraction stresses and 
improving marginal integrity (Belli et al, 2005)15 of the restoration. So in the 
present study dual cured resin cements were chosen as the luting agent. 
The Dual cured resin cements exhibits a high bond strength to tooth, 
metal and ceramic. Since  it is dual curing, the set can be initiated by the 
curing light and those areas that are not exposed to light will cure 
chemically, usually within 20-40 seconds there by minimizing the risk of 
moisture contamination, and simplifying the procedure. 
Good bonding is achieved when the material is able to create an 
intimate adhesion with the post , by creating a monoblock ( Franklin R Tray 
et al, David H pashley et al , 2007 )38. Root canal obturations, being indirect 
fillings of the root canal space created by cleaning and shaping, may be 
regarded as secondary monoblock systems. A primary monoblock has only 
one interface that extends cicumferentially between the material and the root 
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canal wall. The combined use of a core material and a cement/sealer in 
contemporary obturations and fiber post adhesion introduces additional 
interfaces into a monoblock ( Freedman G et al, 2001 )39. 
Tertiary monoblocks are those in which a third circumferential 
interface is introduced between the bonding substrate and the abutment 
material. Fiber post that contain either an external silicate coating or those 
that contain unpolymerized resin composite for relining root canals that are 
too wide or not perfectly round for the fitting of conventional fiber post are 
considered as tertiary monoblocks ( Grandini s et al , 2003 )44 . The use of a 
fiber post helps in creating a multilayered structure with no inherent weak 
interlayer interfaces. The dentin is bonded to the resin cement, which is 
bonded to both the post and the core materials. The prepared core and 
remaining peripheral tooth structure are then bonded to the final restoration 
through a dual cure resin cement. Thus every component of tooth or 
restorative material is directly or indirectly bonded to every other 
component. The bonding strength at each interface is stronger than the bond 
of  the tooth to itself. The advantage of the bonded post is its ability to 
distribute stresses placed on the restoration over a larger radicular surface. 
The adhesion in the root canal represents the weakest point of 
restoration . Bonding of fiber posts to composite materials rely only on the 
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chemical interaction between the post surface and the resin material used for 
luting or building up the core ( Francesca Monticelli et al, Macro Ferrari et 
al , 2008 )36  . In an attempt to maximize resin bonding to fiber posts, several 
surface treatments have been recently suggested. These procedures may be 
divided into three categories : 
1. Silanization and / or  adhesive application  
2. Acid  etching , sandblasting and silica coating  
          3. Alternative etching techniques (Treatments that combine both a 
micromechanical and a chemical component). 
Several studies ( Francesca Monticelli et al, 2008 )36 suggest the use 
of silane coupling agents in coating fiber posts for enhancing adhesion to 
composite resins.  Monticelli et al showed that silane coating of post 
surfaces increases post core bond strength and permits a more uniform 
adaptation of the composite core or to the post. These results rely on silane 
capability of increasing surface wettability resulting in chemical bridges 
formation with OH – covered substrates such as glass or quartz  fibers          
( Aksornmuang j et al , 2004, Perdigao j et al, 2006) 8. 
The bonding characteristics of prepared root dentin may vary in terms 
of the optimal moisture content required for application of some etch and 
rinse adhesive systems , the peculiar hydration conditions of root canal 
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dentin due to pulp removal , the type of agent used for surface conditioning , 
the ability to achieve a reasonable degree of  conversion when the light 
cured adhesive systems are polymerized at the entrance of post spaces , and 
potential for relief of  polymerization shrinkage stresses during the setting of 
resin cements . There is also the action of endodontic irrigants , such as 
sodium hypochlorite and eugenol containing sealers , and the heat generated 
from warm gutta percha compaction techniques , which may influence the 
quality of intraradicular dentin hybridization. The chemical and physical 
properties of posts are variables that can also be included.   In order to 
evaluate the retention of fiber posts cemented with the resin cement , the 
main focus of this study was directed to the application of adhesive systems 
with different characteristics to the root dentin walls.( Goracci C et al ,   
2004 45, Pirani C et al, 200573). 
Feilzer et al developed the concept of the C Factor , the ratio of the 
free and restrained composite surface area of a dental restoration. In general,  
an increasing rate of shrinkage stress development with an increasing C 
value leads to a decreasing flow capacity  where as the  C factor typically 
varies from 1 to 5 in intracoronal restorations. It exceeded 200 in the 
cementation of endodontic posts to root canal dentine. 
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In root canals , the C factor is highly unfavourable and contributes to 
maximize the polymerization stress of resin cements along the root canal 
walls. With light cured materials , the curing stress generated in areas of 
high C factor may be so intense that the composite resin layer detaches from 
the dentin walls , thus creating  interfacial gaps( Goracci C et al , 2004, 
Mannocci F et al 2003 )45. The volumetric shrinkage ranges from 1.5 to 5 %, 
resulting on internal stresses that are transferred  to dentin / resin interface  . 
In high C factors areas , self and slow curing materials can reduce stresses 
on the bonding interface by allowing better flow of the resin cement and the 
relief of polymerization shrinkage( Bouillaguet S et al , 2003, Tay FR et al 
2005 )17 . ( Alster et al,1997 )2 showed that the difficulty in resin cement 
setting within the canal space generates stresses at the bonding interface.  
Hence this study used four different  dual cured resin cements in an attempt 
to reduce the  C factor and there by the associated polymerization shrinkage.  
In this study , root canal diameter was standardized before post 
cementation . Post space reamers from  the same manufacturer were used to 
minimize the quantity of resin cement and C factor and to promote a better 
frictional retention   which mitigates the influence of volumetric shrinkage 
and C factor. According to (Pirani et al ,2005 )73 it is most likely that the 
clinical success of bonded fiber posts is predominantly due to frictional 
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retention to post space walls, rather than to adhesive bonding . This 
frictional retention may occur due to water sorption that induces expanding 
of resin cement.   
Bonding to dentin may be achieved using etch and rinse and self etch 
adhesives (Van Meerbeek et al, 2003)82. Simplified versions of these 
adhesives have made bonding  simpler , faster , and more user friendly 
(Peumans M et al , 2005 )71 at the other end of restorative spectrum , self 
adhesive glass ionomer  and resin modified glass ionomer cements remain 
the work horse for site specific dentin adhesion ( Van Dijken JW et al, 2005, 
Browning WD et al , 2006 )84 . The luting systems suitable for fiber post 
bonding are the same that are clinically indicated for indirect restorative 
techniques . They can be divided into two sub groups according to the 
bonding agent used before cementation; one group utilizes etch and rinse 
adhesive systems and the other group  self etching primers ( Francesca 
Monticelli et al, Macro Ferrari et al , 2008 )36. Manufacturers recommend 
either self or light curing adhesive systems for cementation of prefabricated 
endodontic posts (Ferrari M et al 2001)42. 
Self curing adhesive systems are mainly used for this procedure , 
since doubts as to whether bonding of photo activated materials to root 
dentin is effective , especially in areas of difficult light access , such as 
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middle and apical root canal thirds( Roberts HW et al, 2004)74 . More 
recently dual cure polymerizing resin luting agents have been introduced and 
compared with light cured composites , it is generally accepted that dual 
cured and self cured composites produce lower shrinkage stresses due to 
their lower curing rates that allow more stress relief  by  polymer flow  
(Feng L et al, 2006)41.  
Self adhesive cements were introduced in 2002 as a new subgroup of 
resin cements. These materials were designed with the purpose of over 
coming some limits of both conventional and resin cements., like the weak 
bond strength in the apical third of root canals. The adhesion mechanism of 
these cements are claimed to rely on micromechanical retention and 
chemical interaction between monomer acidic groups and hydroxyapatite     
( Bishara SE et al , 2006, Goracci C et al 2006, Sirimai S et al , 1999 )46. 
Hence this study evaluated the efficacy of two Etch and Rinse , a self 
etch and a resin modified glass ionomer adhesive systems on the pull out 
bond strength of glass fiber posts.    
Over the past 10 years, several in vitro ( Akkayan et al ,Gulmez et al , 
2002, Mannocci et al , 1999 )7 and in vivo (Ferrari et al, Scotti et al , 2002 )40 
studies were performed to assess the mechanical performances of fiber posts. 
The push out and pull out tests have been traditionally used to assess the 
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retention of endodontic posts in the root canal ( Mitchell CA et al , 1994, 
Pest LB et al , 2000 )65 . These tests are clear improvement over simple 
scanning electron microscopy observational studies of adhesive failures in 
root canals ( Dietschi D et al , 1997, Ferrari M et al , 2000 )31. Tensile and 
shear methods seem equally good for laboratory testing of the adhesive 
quality of candidate systems. Although the bond strength values may differ 
little, there are several contrasts between these two methods, such as the 
direction of force and the resulting stress distribution pattern at the interface 
(Van Noort et al , 1989 83,1991: DeHoff et al , 199527). The adaptation of the 
microtensile technique to testing the bond strength of endodontic posts, 
however, is difficult due to the small size of the post and the cylindro - 
conical shape of the adhesive interface. The push out test using sections of 
1-2mm height, may offer a compromise between the tests, featuring smaller 
adhesive areas compared to extraction of complete post. 
Mechanical tests are necessary to analyze the characteristics of dental 
tissues and restorative materials alone or of their interaction when assembled 
in restorative systems (Goracci et al, 2004 45, Sorrentino et al 2006)77. 
Mechanical static tests (i.e. fracture test, microtensile bond strength test, 
push out test, pull out test) should be used to identify the limit and/or mean 
values of compressive, tensile and shear strength of materials ( Sorrentino et 
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al, 2006) 77.  A universal testing machine has to be used to perform static 
mechanical tests. Hence, in this study the luting efficiency of different dual 
cured resin cements were evaluated with the pull-out bond strength testing, 
done with a Universal Testing machine. 
          A crosshead speed of 1 mm/min was chosen, because speed of load 
application should simulate oral functions just like chewing ( Heydecke et al 
2002)49 . When mechanical investigations are performed, crosshead speed is 
usually set according to the specifications of the loading machines used to 
test the specimens. High speed would cause non homogenous stress arising 
in both tooth tissues and restorative materials, whereas low speed would not 
be representative of the oral functions (Newman et al, 2003)66. On such 
basis, specimens have been loaded at a speed of 1 mm/min and subjected to 
a constant load from 0 Newtons (N) until fracture occurs. 
 In the present study, the highest pull out bond strength mean value 
was shown by Group II (Relyx ARC) (334.66 N) followed by Group IV 
(Calibra)  (329.59 N). The least values were given by Group I (Relyx luting2   
GIC) (157.47 N), preceded by Group III (Relyx U100) (247. 80 N). Statistical 
analysis showed that there was no significant difference between the bond 
strength values shown by Group II and Group IV. But all other groups 
showed significant difference between them. 
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The higher values shown by Group II, may be due to the difference in 
the hybrid layer thickness formed with the  etch and rinse adhesives and the 
self etching adhesives. 
The infiltration of demineralized collagen fibers with resin permits the 
formation of hybrid layer with resin tags and adhesive lateral branches, thus 
creating micromechanical retention of the resin to the demineralized 
substrate. The micromechanical retention is the chief mechanism for resin 
bonding to dentin. Resin penetration into the intertubular dentin seems to be 
of major factor influencing bond strength (Osorio R et al, 200367,Van 
Meerbeek B et al, 1992)81 . 
Resin tag formation can contribute to the overall bond strength in 
several ways. Because of the difference in orientation of the dentinal tubules 
towards the pulp, in many instances the penetration of resin into the dentinal 
tubules may generate mechanical retention simply because the resin tags 
penetrate into dentin from different directions, providing non parallel 
retention. Once this occurs, there will be no possible path of removal unless 
some of the tags fracture. Resin tags are also able to firmly bond to the 
tubule walls, there by increasing both retention and seal. This seal helps to 
reduce the increased risk of dentinal hypersensitivity and pulpal irritation 
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that can occur due to leakage of bacterial products ( Bhunaveswaran Mohan 
et al, Deivanayagam Kandaswamy et al, 2005)16.  
In the etch and rinse technique, etching and subsequent rinsing helps 
in removing the smear layer there by opening the dentinal tubules, 
increasing dentinal permeability and decalacifying the inter- tubular and 
peritubular dentin (Bhuvaneswaran Mohan et al, Deivanayagam 
Kandaswamy et al, 2005)16. When the peritubular dentin is completely 
removed, the circumferentially oriented collagen fibers that mark the 
extreme boundary of the tubules are exposed and available for resin  
infiltration . Thus  around each resin tag  a “cylindrical hybrid layer “ 
develops, which anchors the tag to adjacent intertubular dentin ( Pashley DH 
et al, B. Ciucchi et al, 1995) 69. 
      Self etching adhesives use non rinse acidic monomers that 
simultaneously dissolve / modify the smear layer, demineralize the dentin 
surface beyond the smear layer and prime dentin as well as the enamel . As 
they etch they also infiltrate the exposed collagen with hydrophilic 
monomers, where they co-polymerize with the resin to the same depth into 
the dentin. The result is the formation of a hybridized complex; a hybridized 
smear layer and hybrid layer whose thickness is related to the aggressiveness 
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of  the self etching agent. (Abadalla ali et al , Franklin Garica Godoy et al , 
2007) 1. 
Studies have shown that there are some morphological differences 
between the created bond structures when using etch-and-rinse bonding 
systems or self-etch adhesives. Hybrid layers created by the etch-and-rinse 
adhesives are thicker than those observed with the self-etching adhesive 
systems (Alberto Albaladejo et al, 2010)3. In the present study, Light 
microscopic evaluation of the failure modes in the etch and rinse 
group(Group II and Group IV) showed that majority of the specimens had 
post-cement interface failure and few specimens showed fracture of the post. 
These findings suggest the presence of a thick hybrid layer with well formed 
resin tags in the etch and rinse group. This difference in thickness of the 
hybrid layer could be the reason why the Etch and Rinse adhesives (Group II 
and Group IV) showed higher bond strength values.  
Eventhough the values of Relyx luting2 GIC were expected to be high, 
due to the combined effect of mechanical and chemical bonding to tooth 
structure , it showed the least values among the test groups . This could be 
because, following root canal preparation, a smear layer is formed on the 
surface of dentin. Studies have shown that this layer can impede the intimate 
contact of glass-ionomer material to dentin and consequently compromise 
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the chemical and or physical (micromechanical) interaction (Lin A et al 
1992, Mitra SB et al 1991, Mauro SJ et al , 2009)63. This was confirmed in 
the present study, in which the lowest bond strength values were observed 
with Relyx luting 2 GIC. Moreover when the failure modes were evaluated 
using light microscopy, majority of the specimens showed cement-dentin 
interface failure. This finding suggests the absence of an intimate contact of 
the cement to root dentin, in the presence of a smear layer. In the present 
study dentin did not receive any surface treatments before the application of  
Relyx luting2 GIC. This would have prevented the interaction of the material 
with dentin thereby decreasing the ionic bonding to hydroxyapatite around 
collagen, and the micro-mechanical interlocking seen with RMGIs, leading 
to low bond strength values. 
Regarding self-adhesive cements used in the present study (Rely-X 
U100), it had lower values when compared to the etch and rinse cements  
(De Munck J et al, 2004,Goracci C et al, 2005)28. A possible dentin deficient 
hybridization along the root canal walls may explain the lower value results 
for the self-adhesives cement. This was confirmed with the light microscopic 
evaluation of the failure mode, where majority of the specimens had fracture 
at the cement – root dentin interface. As for the Rely-X U100 cement, it has 
a limited etching potential compared with the etch-and-rinse and self-etching 
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adhesive systems. This could possibly be explained by the methacrylated 
phosphoric esters presented in these adhesive systems which are not as 
effective as phosphoric acid in dissolving the thick smear layer in the root 
canal walls during the post space preparation (Goracci C et al 2004, 
Kumbuloglu O et al, 2004)45 . 
Within the limitations of this in vitro study, it may be concluded that 
the use of total-etch cements and self-etching adhesive systems seem to be a 
viable alternative in the glass fiber posts cementation process. However, 
other researches employing different techniques must be studied, in order to 
improve the bond strength of self-adhesive cements to root dentin.  
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SUMMARY 
The present invitro study was undertaken to evaluate the pull out bond 
strength of glass fibre post luted with different resin cements using Universal 
testing machine. 
Eighty freshly extracted caries free human single rooted mandibular 
premolars were used in this study. The specimens were sectioned at the 
coronal level to standardize the specimen length at sixteen millimeters. 
These were then divided into 4 groups of 20 specimens each. Group I Resin 
modified glass ionomer cement, (Relyx luting 2 GIC), Group II Etch and 
rinse resin cement (Relyx ARC) ( Bonding agent - Adaper single bond plus), 
Group III , Self etch adhesive resin cement  (Relyx U 100) , Group IV  Etch 
and rinse resin cement  (Calibra) (Bonding agent - Prime and Bond NT). 
  Post space preparation was done using paeso reamer (size 2) 
followed by  fiber post drill (25 size). Glass fibre posts were luted with resin 
cements to all specimens in Group I, Group II, Group III and Group IV 
according to the manufactures instructions. All the specimens were kept 
under distilled water at room temperature for 24 hours. After 24 hours the 
specimens were subjected to pull out bond strength using Universal testing 
machine until fracture. 
 Summary  
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Results were tabulated and mean obtained for pull out bond strength 
values (N) of each group. One way ANOVA was performed to compare 
different groups. Duncan’s Multiple Range Test was carried out as post hoc 
comparison to elucidate the individual group difference. 
Group II (Relyx ARC)  showed the maximum values for pull out bond 
strength   (334.66 N) , Analysis of variance (One Way ANOVA) comparing 
different groups showed a highly significant statistical difference between 
different groups. Group II (Relyx ARC) and Group IV (Calibra) did not 
show any statistical difference in their pull out strength (DMR Test).  But  
Group I and Group III  showed significant difference between them. 
Group I showed the least value for pull out bond strength among all 
groups tested. 
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CONCLUSION 
 
Within the limitations of this study, it can be concluded that; 
• Etch and rinse resin cements show better bond strength values to root 
dentin than the self etch adhesive cements.  Hence etch and rinse resin 
cement can be the material of choice in luting glass fibre post in 
endodontically treated teeth. 
• Self etching resin cements can also be considered as a viable 
alternative to etch and rinse resin cements. 
• Resin modified GIC has a lower bond strength value to root dentin 
when compared to self etch adhesive cements. 
 
Further studies with more parameters may be necessary to further confirm 
and validate these results.  
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